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To determine the relative efficacy and toxicity of stibogluconate and ketoconazole
for the treatment of cutaneous leishmaniasis, we conducted a comparative trial in
which 120 Guatemalan men with parasitologically proven cutaneous leishmaniasis
were randomly divided into three treatment groups: sodium stibogluconate (20 mg of
antimony per kg per day intravenously for 20 days); ketoconazole (600 mg per day
orally for 28 days); and placebo. Stibogluconate was associated with occasional
moderate but manageable adverse effects, including abnormal electrocardiograms and
elevated transaminase values. Treatment outcome was influenced by species. Among
patients infected with Leishmania braziliensis, 24 (96%) of 25 in the
stibogluconate group responded. Among L. mexicana-infected patients, only four
(57%) of seven in the stibogluconate group but eight (89%) of nine in the
ketoconazole group responded. These differences emphasize the importance of
speciation in the treatment of leishmaniasis.
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INTRODUCTION

Cutaneous lcishmaniasis is a vcctor-borne parasitic disease of the skin caused by a wide range of Leishmania

species. In the New World, the most common infecting species are L. braziliensis, L. guyanensis, L. panamensis,

and L. nexicana (formerly L. braziliensis braziliensis, L. braziliensis gztyanensis, L. braziliensispanamensis, and L.

niexicana nieticana, respectively). The clinical manifestations of cutaneous lcishmaniasis begin with a papule _'

the site of inoculation by the infected vector, the phlebotomine sand fly. The papule enlarges slowly and ul-

cerates to form a deep, usually round, ulcer with an indurated border. The natural history of untreated

cutaneous leishmaniasis is not well described, but it is known that lesions may resolve spontaneously or may per-

sist for years.

The recommended treatment for American cutaneous leishmaniasis is one of two available pentavalent an-

timony compounds, sodium stibogluconate (Pcntostam, Burroughs Wellcome) and mcglumine antimonate

(Glucantime, Specia). Despite the wide use of these antimonials, substantial confusion exists about optimum

dosage regimens and toxicities. For example, the Centers for Disease Control and the World Health Organiza-

tion recommend a wide range of possible daily doses, from a low of 10 to a high of 20 mg of pentavalcnt an-

timony per kg of body weight [1]. Recommendations for duration of treatment are equally vague, ranging from a
minimum of a few days to a maximum of 3 weeks [11.

The lack of clear-cut treatment guidelines is a product of two factors: the scarcity of reliable information

about the efficacy and toxicity of antimonials; and the large number of different Leishmania species. Bclazzoug

and Neal conducted a placebo-controlled clinical trial of meglumine antimonate for cutaneous leishmaniasis

caused by L. major and found that the antimonial, which cured only 48% of the patients, was actually less effec-

tive than the placebo, which cured 55% 121. Ballou ct al. were the first to demonstrate a drug effect for an an-

timonial agent when they showed that stibogluconate at a dose of 20 mg antimony per kg body weight per day for

20 days was statistically superior to half that dose for cutaneous leishnianiasis in Panama 131. This stJy, how-

ever, did not include a placebo group, and the patients were infected with only one Leishmania species, L.
pananeasis.

Saenz et al., also working with L. panamensis in Panama, compared a medium dose of stibogluconate (20 mg

antimony per kg body weight with a maximum of 850 mg for 20 days) to ketoconazole (600 mg per day for 28

days) and placebo [4]. They concluded that kctoconazole, which cured 16 (76%) of 21 patients 4 months after

starting treatment, was equal to mcdium-dose antimony, which cured 13 (68%) of 19 patients. This study in-

cluded a placebo group, which was not associated with cures, but patients were not randomly allocated into the

treatment groups.
In 1990 we reported that, for treatment of cutaneous leishmaniasis in Guatemala, 850 mg of antimony

(equivalent in our patients to approximately 15 mg antimony per kg) for 15 days was very well tolcratcd and

produced a clinical and parasitologic response in 73% of patients by 13 weeks 15]. Reactivation of infections in

9% of patients during 12 months of follow-up lowered the final response rate to 64%.

These result, taken together have bccn interpreted to indicate that a dose of antimony of 20 mg per kg body

weight per day is probably superior to 10 or 15 mg per kg and that the duration of treatment used by Ballou (20

days) is recommended until a possibly superior alternative is found 161. Data on the efficacy of this higher dose

rcgimen is, however, restricted to the study of Ballou, which involved only 19 patients infected with only one

spccies of Leishmania.
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Data on the toxicity of this higher dose rcgimen are also scarce. Changes in electrocardiograms arc poten-

tially the most serious adverse effects caused by antimonials. Chulay et al. found that the frequency and severity

of such changes are correlated with the total dose of antimony [7]. However, these authors suggest that an an-

timony dose of up to 20 mg per kg per day for up to 20 days is not associated with significant cardiac toxicity.

Although they studied patients who received doses of antimony both higher as well as lower than this cut-off, the

authors studied no patients who actually received 20 mg per kg per day for 20 days.

Data on other potential adverse effects of antimony are limited as well, partly because most studies have

deal ith small rinmbcrs of patients with visceral leishmaniasis, a disease that causes multi-organ dysfunction

that can mimic drug toxicity. The information distributed with stibogluconat, by the Centers for Disease Con-

trol lists as possible adverse effects jaundice, albuminuria, cough, pneumonia, nausea, vomiting, urticaria, and

fever. A placebo-controlled clinical trial of stibogluconate for cutaneous leishmaniasis, which does not produce

these effects, provides an opportunity to define more precisely the adverse effects associated with antimony.

Since antimonials are expensive and require parenteral injection, investigation of alternative treatments is

needed. In vitro data suggest that the oral antifungal imidazole ketoconazole might be effective against Leish-

mania [8-151, and in this day of hepatitis and acquired immunodeficiency syndrome, oral drugs are attractive not

only because they are easy to use but also because they do not expose patients to infectious agents that might be

transmitted by contaminated needles and syringes. The study mentioned above by Sacnz ct al. in Panama is the

only comparative study of ketoconazole for cutaneous leishmaniasis [4].

We report here the results of the first placebo-controlled, randomized comparison of the now widely recom-

mended dose of antimony (20 mg per kg body weight for 20 days) and kctoconazole for treatment of cutancous

leishmaniasis.

Materials and Methods

,atientpopulation. Guatemalan men who sought treatment for suspected leishmaniasis at any of our four

clinics between January 1988 and November 1989 were evaluated. Eligibility for the study included a confirmed

diagnosis of leishmaniasis, no previous treatment with antimonials or imidazoles, no serious concomitant medi-

cal problems, and no visible evidence of mucosal involvement. Persons who met the study requirements werc of-

fered the opportunity to ente the study. Unlike our 1990 clinical study, which involved only military personnel

[51, this study included 21 civ;lians and 99 soldiers. Informed consent was obtained from each person.

Trcatment groups. The 120 participants were assigned randomly and equally to one of three treatment

groups: those receiving sodium stibogluconate (20 mg pentavalcnt antimony per kg of body weight per day in-

travenously for 20 days); those receiving ketoconazole (600 mg orally each evening for 28 days); and those

receiving placebo. Half of the patients assigned to the placebo group received saline infusions similar to the

stibogluconate infUsions, and half received tablets similar to ketoconazole.

Parasitologic diagnosis. Cutaneous lcishmaniasis was diagnosed by thin smears of lesion scrapings or culture

of lesion aspirates as described before [16]. Only patients with positive cultures or clearly distinguishable amas-

tigotes were entered into the study.
Isolates were characterized by isocnzyme clcctrophoresis as described before [17]. The following enzymes

were used: glucose phosphate isomerase, mannose phosphate isomerasc, phosphogluconate dehydrogenase,

phosphog]ucomutase, and peptidase D.

Patient evaluation. Patients were evaluated at 1, 2, 3, 4, 6, 9, 26, and 52 weeks after the start of therapy. If a

lesion was substantially improved by the 9-week examination and the progress of healing was such that the lesion

would be expected to continue to heal, the patient was also seen at 13 weeks. Aspirates for culture of all lesions

and scrapings of open lesions were takcn at the 9-wcck follow-up examination. Clinical evaluation of all lesions
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was made by one physician (BAA). In addition, two other physicians (FA Neva and C Ponce) evaluated
photographs of lesions before treatment and at the 9- or 13-week follow-up examination.

Before beginning treatment, on the last day of treatment, and at the 9-week examination, patients had the fol-
lowing tests performed: hemoglobin, hematocrit, platelet count, white blood cell count, aspartate
aminotransferase, alanine aminotransfcrase, direct and indirect bilirubin, creatinine, and electrocardiogram. In
addition, patients treated with antimony or placebo injections had the liver function tests repeated on days 7 and
14 and had electrocardiograms repeated on days 2, 4, 7, 9, 11, 14, 16, and 18. Patients who received
ketoconazole or placebo tablets also had liver function tests repeated on day 14.

Definition of treatment response and reactivation. A clinical response was defined as a lesion that completely
reepithelialized and had no evidence of inflammation. A reactivated lesion was defined as the appearance of an
ulcer within or at the border of a previous lesion.

A patient was removed front the study and considered to be a treatment failure for any one of the following
conditions: 1) increase of the size of a lesion to more than double the pretreatment size; 2) reactivation of a
lesion after an initial clinical response; or 3) failure to develop a clinical response by the 13-wcck examination.

Patients who wcre removed from the study were treated with meglumine antimonate at a dose of 20 mg an-
timony per kg per day for 20 days. Patients with clinically healed but parasitologically positive lesions at the 9-
weck examination were not necessarily retreated.

Results

Patient characteristics. One hundred twenty study participants were enrolled. Randomization successfully
allocated patients with similar characteristics into the three treatment groups (table 1). All but two of the 120
patients completed their treatments without interruption. Both patients who prematurely interrupted their

treatments were receiving ketoconazole. Data on these two patients are not included in the analysis of response
rates. All the 118 patients who completed treatment were available for follow-up at 9 or 13 weeks. During the
12 months of observation, only five (4%) patients were lost to follow-up.

Clinical and parasitologic response. Figure 1 shows the response rates of patients in the three treatment
groups. A number of patients had lesions that were positive by culture at 9 weeks despite being completely

reepithclialized. To show both clinical response rates alone as well as clinical plus parasitologic response rates,
each treatment group is represented by a range in figures 1, 2, and 3. The lower limits of the range represent the
percentage of patients that had complete rcepithelialization of their lesions and negative cultures at 9 weeks.
The upper limit of the range represents the percentage of patients that had a complete clinical response, ir-
respective of the results of cultures. A single line for a treatment group indicates that all patients who had
responded clinically had negative cultures.

(a) Infections with L. brazilicnsis. Figure 2 shows response rates for the 63 patients infected with L. brazilien-
sis. Many of the 25 patients who received stibogluconate responded rapidly and by the end of 20 days of treat-
ment eight (32%) had completely reepithelializcd their lesions and had no evidence of inflammation. By 13
weeks, only one patient (4%) had not responded both clinically and parasitologically. This patient had three
large ulcers; two had closed completely by the 13th week, but one was only 70% recpithclializcd. Cultures of all
three lesions were negative. This patient may have continued to improve without further treatment, but in com-
pliance with the study protocol, he was removed from the study and treated successfully with additional pen-
tavalent antimony. None of the 24 patients who responded to treatment with stibogluconate by 13 weeks had
reactivations of their lesions between the 13- and 52-wcck examinations.

The 23 patients infected with L. braziliensis and treated with ketoconazole did not respond as well nor as
qi,!ckly as those treated with stibogluconate (figure 2). Two patients were removed from the study prematurely
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because their lesions had more than doubled in size; one at 5 weeks and the other at 7 weeks. By the end of 28

days of trcatn.,nt, only two (9%) had responded clinically; by 13 weeks, 12 (52%) had responded clinically, , ut

three of these had positive cultures at the 9-week follow-up examination. Between the 13- and the 52-week ex-

aminations, two (17%) of the 12 responders had reactivations of their lesions, one at 17 weeks and one at 11
months.

L. braziliensis-infectcd patients who received placebo treatment did poorly. Six (40%) of 15 were premature-

ly removed from the study because their lesions had more than doubled in area. At 13 weeks, only three (20%)

of the 15 had responded clinically and parasitologically, and between the 13- and the 52-week examinations, two

of the three responders had reactivations of their lesions, one at 14 weeks and the other at 5 months.

Statistical comparison indicated that the response rate for stibogluconate was significantly better than that

for ketoconazole or placebo, whether clinical response alone or clinical and parasitologic responses were con-

sidered (table 2).
(b) Infections with L. mexicana. In contrast to patients infected with L. braziliensis, the 32 pa-ients infected

with L. mexicana responded better to kctoconazole than to stibogluconate, although this difference was not

statistically significant (table 2 and figure 3). The response rate for kctoconazole was significantly higher than

that for placebo only when clinical plus parasitologic response was considered (table 2). All seven patients who

received stihogluconate had complete clinical responses by 6 weeks, but two had subsequent reactivations, one

at 8 ,veeks and the other at 9 weeks. For all three treatment groups, none of the patients who had responded by

13 weeks had reactivations of their lesions between the 13-week and the 52-week follow-up examinations.

(c) Infections with both species. Two paients had dual infections with both L. braziliensis and L. me-xicana;

both received stibogluconate. The lesions caused by L. braziliensis in both patients responded rapidly to treat-

ment. The lesion caused by L. meaicana in one patient deteriorated progressively, and the patient was removed

from the study at 13 weeks. In the other patient, the lesion caused by L. mnexicana responded initially but reac-

tivated at 26 months.

To compare the evaluation made by the treating physician at the bedside with independent observers, we had

2 scientists familiar with the treatment of cutaneous leishmaniasis score the 118 patient photographs at 9 or 13

weeks as to whether the lesion or lesions had responded. In 106 cases (90%) the three observers agreed. In all

12 discordant cases, the treating physician scored the lesion as not having responded completely and at least one

of the independent observers scored the lesion as having responded completely. When the median score of the

three observers was considered, the clinical response rates for all patients were as follows: stibogluconate, 37

(93%) of 40; ketoconazole, 27 (71%) of 38; and placebo, 20 (50%) of 40.

Although the majority of our patients returned to a lcishmaniasis-endcmic area after treatment and 13 weeks

of observation, none developed new lesions between the 13- and 52-week examinations.

Adverse effects, stibogluconate group. Twenty-nine adverse reactions were reported by 21 patients who

received stibogluconate (table 3). The majority of the adverse reactions were minor and did not require medical

attention, and none was severe enough to pose a serious threat to the patient.
Twenty (50%) of the 40 patients who received stibogluconate developed elevated transaminases ( 55 U/ml)

at some time during their treatment, and aspartate aminotransfcrase and alanine aminotransfcrase values were

in general equally elevated.

Only four patients had elevations of transaminases greater than 100 U/ml, with values for alanine

aminotransfcrase of 102, 116, 240, and 299 U/m], respectively. The value of 102 U/nil was obtained on the last

day of treatment, :ind a serum sample 24 hours later gave a value of 66 U/nil. The other three values over 100

U/ml were obtained during treatment. Repeat testing within 48 hours, during which time treatment had been

continued, showed tl!at values had fallen substantially in each case, to 76, 80, and 60 U/ml, respectively. Treat-
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mcnt in each case was continued for the prescribcd duration, and values on the last day of trcatment were 53, 22,
and 60 U/ml, resp':cively. At no time did any of the patients who received stibogluconote complain of ab-
dominal pain, jaundice, or pruritus, and values for bilirubin were always within normal limits. In all cases trans-
aminase values were normal at the 9-weck examination.

The mean hemoglobin concentratior foi patients who received stibogluconate dropped from a pretreatment

v:luc of 14.9 to 14.2 g'100 ml on the last day of treatment. This decrease was statistically significant (paired
samples t-tcst; p = 0.048). Anemia developed in only one patient during treatment; his pretreatment hemoglobin

conccntrat~on of 12.6 g/100 ml fell to 10.0 g/100 ml on the last day of treatment.
For patients who received stibogluconate, values were always within normal limits for the following tests:

creatinine; direct and indirect bilirubin; and counts for platelets, white blood cells, lymphocytes, cosinophils, and
mrnocytcs.

By far the most common change in the ECGs of patients who received stibogluconate was a decrease in the

amplitude of the T wave, and this change was more common and of a greater magnitude in the precordial leads
than in the limb leads. At some point during treatment, 20 (50%) of the 40 patients had decreases of 50% or

more in the amplitude of their T waves measured in the limb leads, and the mean decrease from pretreatment to
the last day of treatment for the citire group was 56%; 23 (58%) had such decreases in their precordial leads,

and Itic mean decrease was 68%.
Eight (20%) patients in the stibogluconate group had invcrted T waves at some point during treatment, but

none had concave ST segments. One patient first developed T-wave inversion on day 7 of treatment, but the
median time of first appearance was day 16. In two patients the T-wave inversion was noted only on the last lay

of trcatment.
Only one patient treated with stibogluconatc had a corrected QT interval (Q1 c) grea, er than 0.45 seconds on

the last day of treatment; his prct catmcnt QTc was 0.43 seconds, and this measurement was prolonged to 0.46
seconds on the last day of treatment. Although in nine patients the QTc on the last day of treatment was
prolonged more than 0.02 seconds compared with the pretreatment value, nine others had QTc intervals that

had actually shortened by the last day of treatment. The mean QTc value for the entire group on the last day of

treatment was only 0.01 seconds greater than the mean pretreatment value.
All ECG changes noted during therapy had normalized by the 9-weck examination. During therapy no

patients complained of shortness of breath, palpitations, or chest pain.
Adverse effects, ketoconazoic group. Seven patients who received kctoconazolc reported a total of eight ad-

verse effects, of which four were moderately severe. In two patents, the adverse effect led to premature ter-

mination of treatment.
The first patient developed a generalized pruritic papular cr)thcnatous rash on the seventeenth day of treat-

iicnt with ketoconazolc. The patient had no urticaria or whcezing, and his blood pressure remained normal.
Although the treting physician did not think the rash was severe enough to require the premature termination

of ketoconazolc, 11c patient decided to withdraw from the study. The rash spontaneously resolved 3 days after
kctoconiazolC trc, tment ccased. The patient was successfully treated with meglumine antimonate. The second
patient devclqpcd cpigastric pain and nausea 2 hours after the second dose of ketoconazolc. Two hours after

the onset of these s,'mptoms, the patient vomited several times and had diarrhea. Ketoconazole was stopped for
2 days, during wl.LTh the patient had no gastrointestinal symptoms. When kctoconazolc and antacids were re-

started, the patient again developed moderately severe cpigastric pain but did not vomit or have diarrhea. The
patient was al!c to continue kctoconazolc until the sixteenth dose, when the epigastric pain increased substan-

tiafly and he ,gain vomited once. The patient was withdrawn from the study and treated successfully with
iv-gi'mine .atimoniatc. One day after ketoconazole was stopped, the gastrointestinal symptoms disappcarcd.
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The mean hemoglobin for patients who received ketoconazole fell from a pretreatment value of 14.4 g/100 ml
to 13.9 g!100 ml on the last day of treatment. This difference approaL'ed statistical significance with the paired
samples t-test (p = 0.058) Two (5%) of ;he 38 patients who received ketoconazole developed znemia during
treatment. In the first, the pretreatment hemoglobin of 14.0 g/100 ml fell to 10.6 g/100 ml by the last day ,of treat-

ment. In the other paticnt, these values were 13.5 and 10.6 g/100 ml, respectively. In both patients, valuc, had
normalized by 9 weeks.

Adverse effects, placebo group. Four patients reported a total of five adverse effects, of which only one was
moderately severe. No laboratory value was ever outside of our laboratory's normal limits. Specifically,
hemoglobin values rose from a pretreatment concentration of 14.4 to 14.6 g/100 ml on the last day of treatment.

All patients who received placebo treatment had normai electrocardiograms before ar I during treatment ex-
cept for four whose QTc intervals were prolonged by more than 0.02 seconds. The maximum prolongation was
0.05 seconds, but for the group as a whole, the mean QTc interval showed no change from before treatment to

the last day of treatment.

Discussion
This study was a placebo-controlled comparison of sodium stibogluconate with the oral imidazole

kcloconaole in the treatment of infections caused by the two common Leishmania species of Guatemala, L.

brazilicnsis and L. mcvicana. Of 120 eligible patients, 118 completed treatment, and two terminated trcatmen,
prematurely due to toxicity. Because cutaneous lcishmaniasis can reactivate after initial treatment, patients
were followed for 12 months. With help from the Guatemalan Ministries of Hcalth and Defence, we were able

to complete 12-month follow-up on all but five of our patients.

One of t,e difficulties in evaluating clinical trials of cutaneous leishmaniasis has been that different invcs-
!;gators have used different and often ill-defined criteria to measure therapeutic response. To ensure that ob-
server bias did not distort nur measurement of clinical response, we asked two clinicians experienced in the

treatment of cutaneous lcishmaniasis to review in a blinded fashion photographs of our patients at 9 or 13 weeks.
Fo- each case of a difference between the bedside evaluation and that of ,he photographs, the physician at the
bedside scored the lesion more conservatively. We suspect that it is easier to identify subtle degree, of inflam-
mztion and induration at the bedside than from photographs. Because the bedside evaluation was the more
conservative, we have used these data in this report.

L. braziico.%is. Treatment wilh1 high-dose (20 ng per kg per day for 20 d vs) stibogluconate in this clinical
trial proved 'cry effective against infections due to L. braziliensis. Only one of 25 patients infected with L.
brazilicnsis and treated with high-dose stibogluconate had not completely responded by 13 weeks, and even this
patient had improved substantially wih treatment and respoided completely to additional treatment with an-

timony.

In our clinical trial in Guatemala in 1990, we reported that only 64% of patients infected with L. braziliensis
had a clinical and parasitologic response to 850 mg of antimony per day for 15 days [5]. In that study, all patients

comFlctcly rcepithelializcd their lesions at somc point. The major difference in the results of the two sti, Cs,
0-ereforc, ar- the rates of reactivation (36% in 151 vs. 0% in this study) rather than the initial response rate

(100% in [5] vs. 96% in this study).
Treatment of L. braziliensis infections with kctoconazole was statistically more effective than placebo. The

drug. however, was associated with a clinical response in less than half th: patients, a rate significantly less than

that for stibo-!, con-tc.
L. nexicana. in contrast to the impressive results with stibogluconate for infection caused by L. brazilicnsis,

vwe wcrc surpri,:! to find that stibogluconate was not significantly better than placebo for infections caused by
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the otlcr major specics of LcishImatia in Guatemala, L. mavical". Although all seven paticnls infected with L.
maricana had rcsponded clinically to stibogluconate by 6 weeks, two had reactivations and another had a posi-
tive culture at 9 weeks. These results arc similar to our results with 850 mg of a.-timony, where three of four
patients with L. ntacicana infections responded by 6 weeks, but two of the three responders had rcactivations by
9 wcks [5]. The two studies iogcther suggcst that anti"mony has an initial effect against L. inzoicana, but this cf-
fcct is transient and associated with relapses.

Ketocona'o!e proved more effective than either stibogluconate or placebo in the treatment of infections
caused by L. mtovcana, although the number in each group was small and the difference between kctoconazole
and placebo was sistically significant only when clinical plus parasitologic response was considered.

Adverse effects. The randomized, placcbo-controllcd nature of this study permitted for the first time the
determination of the toxicity of these regimens of stibogluconate and ketoconazolc for cutaneous leishr,,aniasis.

Although complaints by patients of adverse reactions, abnormal electrocardiograms, and elevated trans-
aminase values were common in patients who received stioogluconate in this study, these problems were never
more than nioderately scvere and ncvcr necessitated discontinuing treatment.

Th" two advc-sc effects that posed the biggest potential problems were elevated transaminases and abnormal
ECGs. fhc abnormal transaminases we observed in patients were difficult to interpret because they were incon-
si;tently elevated. In two patients, values over 200 U/mil fell to near normal levels within 48 hours even though
thcr:,y wa-; continucd. Our suspicion is that these patients drank alcohol during treatment despite having been
w:'rred against it and that the combined hepatotoxicity of antimony and alcohol caused intermittent elevations
of transaminaso tests.

Alt-ough ECG changes developed in a large percentage of our patients, our results were actually reassuring
'nl l<g of nrevious -cports of serious cardiotoxicity associated with higher doses of antimony 17J. Chulay et al.
sue cstcd that danmcrous cardiotoxicitv was indicated by the presence of concave ST segments or QTc values
greater than 0.50 seconds. We observed no concave SI segments, and the most prolonged OTc in our patients
wVaS 0.46 seconds. We agree with Chulay ct al. that routine ECG monitoring of young, otherwis.; healthy in-
dividuals with no history of heart disease is not necessary if the antimony dose does not excecd 20 ng per kg per
&y for 20 days.

When evaluating our data on adverse effects, however, one must keep in mind that our patient population is
young and in go J enough physical shape to withstand the hardships of making a living or conducting military
patrols in a tropical jungle. Cutaneous Icishmaniasis is, in general, a disease of young males, so our results
should be applicable to most other geographic settings. When the disease occurs in older patients, however, or
in paticnts with underlying hepatic or crdiac disease, the hepatic and cardiac toxicity of stibogluconate may
present a greater problem.
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CONCLUSIONS

Although no study has directly compared mediuii-dcse antimony (850 mg) and the high-dose regimen uised
in this study (20 mg per kg), our results and those from Panama [3,41 now strongly suggest that the high-dose
regimen is superior in efficacy to the medium-dose regimen for infections due to L. braziliensis. Little is known
about the proper duration of this high dose regimen. Our results and those of Ballou ct al. 131 show that 20 days
of treatment is associated with excellent results. Future studies should be designed to test whether this duration
can be shortcned. Adverse effects were more frequent with the higher dose, but these effects were manageable
and never required the premature termination of the drug.

We recommend, therefore, that cutaneous lcishmaniasis caused by L. braziliensis be treated with one of the
two available pcntavalcnt antimonial agents (sodium stibogluconate or meglumine antimonate) at a dose of 20
mg antimony per kg body weight per day intravenously for 20 days.

Recommendations for treatment of infections caused by L. mericana are more difficult to formulate, since
we were able jo study only a small number of patients with this infection. This is our second study, however, in
vhich antimonial agents have not proved superior to placebo [5]. Because our results show that ketoconazole at

a dose of 600 mg per day orally for 28 days gave better results than did either stibogluconate or placebo, this is
our recommendation for treatment of infections with L. ma'icana until more information becomes available.

In most endemic regions of the New World, several species of Leishmania coexist. We were unable to dif-

fcrentiate infections caused by L. braziliensis from L. mexicana on clinical grounds. In addition, although there
are certain characteristics, such as amastigote size and concentration, that can predict infection with one species

or the other, such predictions are not sufficiently accurate to be of great help to the clinician. Differentiating
species by biochemical methods is very accurate, but available techniques, such as monoclonal antibody binding,
cellulose acetate clectrophoresis, and DNA hybridization, are not commercially available and are often not
rapid enough to guide the initial therapeutic choice.

Our experience in Guatemala suggests that the treatment of choice for cutaneous lcishmaniasis when L.

brazilicnsis and L. inexicana coexist is the antimony regimen recommended above for L. braziliensis. If sub-
sequent identification of L. ,ncvicana is made, or the patient fails to respond or responds but then reactivates,
additional treatment with kctoconazole at a dose of 600 mg per day orally for 28 days should be considered.



9

Table 1. Characteri.ticz of patients by treatment group.

Treatment group

Stibogluconate Ketoconazole Placebo
Characteristic (n=40) (n=38) (n=40)

Age (years) 19.1 + 0.6* 20.2 + 1.2 21.3 + 1.4
Number lesions/patient 1.6 + 0.2 1.5 + 0.1 1.5 + 0.2
Mean area of ulceration (cm2 ) 1.5 + 0.3 2.2 + 0.4 2.0 + 0.4
Mean age of lesions (days) 73.7 + 34 68.3 + 10 59.1 + 7

Infecting species
L. mexicana 7 9 16
L. braziliensis 25 23 15
Both (L.m. and L.b.) 2 0 0
Unknown 6 6 9

* Mean + standard error.
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Table 2. Statistical comparison of responses rates at 52 weeks
by treatment group and by infecting species of Leishmania.

Response rates Chi square p valueCLINICAL RES7?ONSE* %

All patients
Stibogluconate vs ketoconazole 88 vs 58 7.24 0.007
Stibogluconate vs placebo 88 vs 33 22.97 < 0.001
Ketoconazole vs placebo 58 vs 33 4.11 0.043

Patients infected with L. braziliensis
Stibogluconate vs ketoconazole 96 vs 43 13.55 < 0.001
Stibogluconate vs placebo 96 vs 7 28.22 < 0.001
Ketoconazcle vs placebo 43 vs 7 FE 0.026

Patients infected with L. mexicana
Stibogluconate vs ketoconazole 71 vs 89 FE 0.560
Stibogluconate vs placebo 71 vs 56 FE 0.657
Ketoconazole vs placebo 89 vs 56 FE 0.182

CLINICAL + PARASITOLOGIC RESPONSE*
All patients

Stibogluconate vs ketoconazole 85 vs 50 9.41 0.002
Stibogluconate vs placebo 85 vs 25 26.72 < 0.001
Ketoconazole vs placebo 50 vs 25 4.20 0.040

Patients infected with L. braziliensis
Stibogluconate vs ketoconazole 96 vs 30 19.74 < 0.001
Stibogluconate vs placebo 96 vs 7 28.22 < 0.001
Ketoconazole vs placebo 30 vs 7 FE 0.114

Patients infected with L. mexicana
Stibogluconate vs ketoconazole 57 vs 89 FE 0.262
Stibogluconate vs placebo 57 vs 38 FE 0.650
Ketoconazole vs placebo 89 vs 38 FE 0.033

Patients with "clinical responses" had lesions that were clinically
healed by 13 weeks, irrespective of post-treatment culture results.
Patients with "clinical + parasitologic responses" had clinical
responses and negative cultures at 9 weeks.

Chi square calculated with Yates' correction. For cells with expected
valucs less than 5, Fisher's exact test, 2-tailed (FE) was used.
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Table 3. Number of adverse effects reported by patients.

Severity

Treatment group/ Mild Moderate Severe Total
Adverse reaction

Stibogluconate
Nausea 3 2 0 5
Anorexia 4 0 0 4
Headache 1 2 0 3
Rash 1 0 0 1
Arthralgias 5 1 0 5
Phlebitis 8 2 0 10
TOTAL 22 7 0 29

Ketoconazole
Nausea 1 1 0 2
Abdominal pain 1 1 0 2
Headache 1 1 0 2
Dizziness 1 0 0 1
Rash 0 1 0 1
TOTAL 4 4 0 8

Placebo
Nausea 1 0 0 1
Anorexia 1 0 0 1
Abdominal pain 2 1 0 3
TOTAL 4 1 0 5

• Mild: No need for medical attention

Moderate: Required medical attention, but posed no danger to
patient

Severe: Required immediate medical attention to prevent danger
to patient

** Adverse reaction led to the premature termination of the study
drug
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